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AR1 56 



IT) 

ON 

IT) 

(57) Abstract: In an exposure apparatus, an exposure of a substrate (P) is carried out by filling at least a portion of the space between 
a projection optical system (PL) and the substrate (P) with a liquid (50) and projecting the image of a pattern onto the substrate (P) 
S through the projection optical system (PL). An optica] element (60) and a lens-barrel (PK), which are in contact with the liquid (50) 
(s| when the substrate (P) is moved, are subjected to a surface treatment for adjusting the affinity with the liquid (50). Consequently, 
^ formation of air bubbles in the liquid between the projection optical system and the substrate is suppressed and the liquid is always 
^2 held between the projection optical system and the substrate, thereby creating a good immersion state. 
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ms^^^h (pl) (om^m (so) tmmirzua ( 6 o N p k ) i* N 
tete (5 o) tom^zmmTztzwmmmmztiT^zmicgkW (ex) 

f *> i-tt l ra* uzmti&tf o ts*^* h t <d n a* e> %m f ?> ^© 

*«^©»2©«lt»f^5.tfx /^->rot^M (5 0) ^UTSS 
^/f*->flDfc*«l::^*3J»*te3*# (PL) fcfita.. 

Mis&f^^ (pl) # x zrvfrnayt^n?- ( e o ) affifc^frfg 1 3t® 

fc« ( A R 1 ) iix SS1 M'fB** (AR 1 ) mSKDm 2 SltS*!^ (AR 2) h£ 

* 1 mmm card ( 5 0 ) i^^-r s^sjtt*^ sb 2 mmn® ( a 
r 2 ) am* (50) s«i«itt<k 0 ^^m^tmm. ( e x ) #nfft**i3 0 
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ft u r #± * tlT t n 5 -issft©^ &e>-f. lift* ISttfi Sftft; fc*t L T 
(.50) ft^.uraits (P) ±i:fe?trss^l3tt5i3fei 

TSWB/^->©«*Sffi»-«:»"rSlft»ft^* (PL) t ; 

jgf£ft^m (pl) ( p ) fc©rao)ii>fc < SP4»i* (so) -cat 

( K 2 ) h ; £fll*.v 
(5 0) <Dff££d. tftj^ft^^ (PL) htttK (P) hCDM^fclt** 
#(50) ©»*l©*SEfc v % *(* '( 5 0 ) (DffiflE&p > (50) CDSte14# 

tfe^AtiiUTs SM^St (v • d • p) />ag2 0 0 0 #»S£j|xTl*S«ft?ISMt 
(EX) *<4i«**lSo 

*«B^O)»4(D«8«ll^iLli. g^ti-A (EL) TrV^^ (M) ©/^-> 

wiu iw-xDWtsm (50) ft^L-rawi (p) ±iz»?u-c£«& 

«nE/^->©«fe3S«f-«:»-rs«!lBft^ (PL) i: ; 

s»ft^* (pl) hsts (p) *i©fia©'j>fc< tfe— gp*>sf*^>tfe-rfeto 

^ (50) (P) a5^3e75-|pJt^fT^«3!Efc«i-3Tai*iSaft(g« 
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(ex) wmmzftZo 

& % in It t> x A fc«*rr 5 StST^ - 5>»I^RftlBibft«^* -e 3 Z £ In o 
*^0>IB5©lB«el^5.(is §t*6tf-A (EL) TfM'*->£fpUl A* 

-xo&zfei* (5 0) £^LT«ts (P) ±i3^ur**fi^Mp | 6-r^M^ 

f&i3/f*->©tt**ttUZ«l&«^#9&# (PL) h ; 

3£tR ( P ) ±CD*l3>$f* (50) ( 1 x 2 ) i: j 

$ft»£1t ( 1 n 2 ) &$JfB«#J©M: (CONT) t ; &fltx.x 

(CONT) lix ( P ) (DB3te+IC»i* (50) ©#tfS*M?lt 
ZtiZ£o\ztemmW: (1*2) feWtSM (EX) tf}f#*2*i?>o 

*»W0)J(l6a)««l^«ili. BUB*^* (PL) iz:«fcs a** 

(p) ±iz««lt»« (p) 4«^r*a^ai3fe^T: 

^Iffl-x ** (P) ®3Sffi£x (5 0) fc<D«WPtt*WW«fe«)^* 
&&yt&ft (PL) ( p ) £.G>T&G>'J>te < hti— SP£}*f* (50) 7?3t 
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/t ^->(5D^^ s ^ (50) ^^ursts (P) ±'i^i5aet-*^tfc**t? 

12 5 (a) ~ (c) lix MtoS*<ifi**iTL^l^»^mii*«i:<©fai3 
HI 6 (a) ~ (c) lix ^®toS3b%**ife*ft^^t««fc©B3C?«#*< 

em±x *^©ffe©HM^^^i"Sfett>©Ei^feSo 

1118 (a) ^tf (b) lix #t*&yx;KDfto©*Jfiff!l&^aTfe5o 

El 9 lis .&R±\zmt /^-^77t^tH-efe5o 

EI1 Olix ^f/t-f 70DlSj|liO-^JS^t7 □ - f t - H"Ci&i)o 
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-?*$M(DJW-><D&&mfc* : r—yP S T ftTl^SI&PlC&i^ 

ife-rs^iRj^ziS^-fpi. zf4^fS]lz:MiS^¥®i*i"ev'X^MiiSt5P^o|5| 
(^S^ft) ^X$ft75-[«Is Z$toljfa&XfY ^Id falzmW-teU fa (#* 
^Y$^[p]^1-i.o St Xflk Y$4. ^H'ZlfiSt)'?^^^^^. 

eXs Rife ziifat-tZo cicwa ra^j li^Sffc^/U: 

^ 3 i 6E L^H^-r?,D>7 :: >^U>Xs U U-b>X^s IIt'gt'gE L lock?) "7 
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$M±<Dm?£<Dmvmmmwyt¥%k i l u: <t <9 ^-t^.mm.^(om%% elt 

o PSB^Tfe^ I L e»Sti±l^ tLi>«^ E L £ LTliv #'RI£7.k§g v 
>^6l*di^tL5mMCD^ (g*SU hill, i til)- StfK r Fx*5>T U- 
(M248 nm) ^(D^m^% (DU V*6) A r Fx+v^U— 
93nm) &tfF 2 b — « («* 1 57nm) ^(DA^A^c (VU 
V&) 7&:^ffl^e>tii»o *^»^l-fc^Ttt. ArFx+v7l/-^ffl 

C O N Tl3cfc "9«£tl£>o T^^^^-5>*MST±©TX^M©2Jfc7u*" 
li$ijf&pg|g C O N T IZ fl* * *13 o tfJ»*S« QONTliU — If T »tHDtHWtt* 

5*m&«SMts ^Jx-li^^VU^ (S U S 4 0 3) T?J&fi&£*ifclftWP K7?3: 
j*#tiTl»*o *^»^l-fctNT. iftlB^*PLttx tft»^/SA^Jx.li1 
/4feSiWi1/5©tt#h*T!fe*o fcfcN ttK*^* P L li«fS»atfa** 



8 



WO 2004/053956 



PCT/JP2003/015735 



^LT^nZ7f-v5 1 Z7f-v5 1 

S TliU-T^-^^(DStl7.^-5>lEIK)^«P S T DICct "9iEtb^^2>o 

7. 7 1 - fxIElb^g P S T D RfflMcS C O N T I;: <fc >9 *W £ ft 3 o Z7f-y5 

1 Tkmm-fZZtlZ&Q, Z7f-v5 1 I^^^^T^i»S^PcDZ^|^ICl 

X Y7f-v5 2£iE«jf SChl^^K StIP(DX Y^lajUlfcttStefi: 

Z7f-v5 1 fe\ S*SP©7*-*X{igSt/Mf4^fe^JS9lLrSt5P(7)^® 

XY7r-v5 2l«lSP(3[)X$4^[p]SU t Y$i^lR]l3fclt5(u*^ 

S*EX^-vPST (ZXf-v5 1 ) ±lZlt, SS^f-vP STii^t.lC 

4i3^fRi-r^&ai-iiL.-^* r F)$ft5 5^i5ite»tiru§o »sx^-vp st 

±<0*K P 05 2 ;*7c^fRjCDiig> RtflUteft l± b — lf^F)W 5 5 I3«fc K>V?)l* 
4 AT:It>fJJ£*U H-aW&fHI*fM»*S«C O N T mmAStiSo SiiifC ONT 
(ib— tfT)$tt5 5(7)It)iiJ^l3ao"ura^X^-i>'iEib^«P S T D£|gijj 
tS^ttS^f-vP S TliS^**iTU5aitt[P©til«*to'fefT'5o 
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ffiCgtiU hi^s i«0 MK r Fi+v?b-^ (5M2 4.8 nm) f ©S 

E X (i v WSS^ifc P L a)$fe«HSjJ 7 hStS P t(DM<D&M 5 6 (3pJf^ 
©»f*5 Oft0Hft«*tt«lfr!S« 1 £fffl.5 6©Jft 

#:5 0^lHji|Xl-i>^#:[Hli|X^S (iSS&iix @^«) 2t4iiTU5 0 »ft 
#**&£|g 1 fix 8U&fc36*P L hMP fc<Z)Rfla)'J>fc< fcfe-ep^s S*5P<D*£ 

UitCONTIit^if 1 tt^f 3Mft$&yx^4^ir 

£BB5 6J3**Lr#(il$IB^fe0m^*O»f*5 0 3 i: hfc III. jftfrlsl 

tR P fc <JDH<Z>£R8 5 6 izmft 5 0 j# £ *l £> o 

^fqj) (C:5iJtVT:f$ib-ri.(Dl3[SI^LT. X Y7f- v 5 2 LTifiP tf+ 
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X)IA (4 A~4C) Jft#5 Q*\E\%Lir2>\E\i&yZ)l'5 ( 5 A N 5 B ) iiO 
jiiii^^tS-Cfc^o E12lc:feUT. ftTO7 («?6 0ffiftiiI6 0 
A) c^^liY^lRjI^ffl^L^ff^^^oTfe 1 ?. L(D$fe5ro9J7 
* X$4^[p][^Cc); o I'. + X^fSjfiiJlJ: 3 0(Z)#t^y XJU4 A — 4 C tf@ES2*U 
-X^-rS]f8 | Jf3 2oODl°lJJxy X;U5 A. 5 B#iBg£*VCUi> 0 ^UTx f&|g/x 
;U 4 A — 4 C tef£*SW 3 UTttfretttSIt 1 tu 0J|X / XJU 5 A . 

5 Bli0i|K < S4^^LT:^[HlJjX^a2(^^^tbTUi>o #**£/XJU4 
A~4 ChIsHU^X^5 A. 5 B ^r^SP 7 £D4"^ld^r LTBS 1 8 0 ° Efe 
Lfc&SKU m&J XJU8 A~8Chs XJU 9 A s 9 BttflBS^frTU 

i.o 0tf£/X;U4 A~4Ch0i|X>'X;U9 As 9 B Y^fSjId^aiZliB^J^ 
*u #t$£^ X^8 A~8 ChUMX^ X;U 5 A. 5 B h{iYttl^fRllz:^Sl3Be?iJ^ 
*u #ti^yX>»U8 A~8Cli#t^i O^^LTt^if 1 Is] 
ifc/X;U9A. 9 B ttlEWXW 1 1 ^^LT>^#lsll^X^S2l^^^*^T^^So ^ 

X;U3 1 x 3 2M@*>^3 3, 3 4 £l£l±?> 3 o 

JlRZf®*®. J XJU'J; "9 v X^«yX^il)-r§P^cDS^P(D^^fi^fo] (Y$ft;£- 

fnj) ^©^ftSH^JJUTt,. &i^^P LhS^Pii(DF^II^5 0£3^U 
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T IZM^ TSB* U T ck t \ o 

#^P L(D$t*B*»7'tttx' 5ftf*5 OfcO^ttlZJfclifcM&atfife^tiT^ 
5 D $t^gP7li N £M*1-*fc&ie:«*KP££fi:frlR] (Xfckfri*]) \zteWt% 
0h&fek1-&SB#-Z:&o.T> 3t^6 0COTI6 0AMifP 
KTB^-gU^^t^^^P LOOT® 7 A. ^U f 3G)T®7 AlZL^-Ti)^ 
fSP K<D-gPtf>$iJ®7 B£^fc 0 ■&$3&WM\Z.-&\>\-t:, Jft#5 0li7KT:fei.fctox 

a»^*P L(Z>$fe«SSP7(Cfct^T. ^*f6 0©S® (T®) 6 0A&tf 
^®P K(DT®<Z)-TOfIi46^^tr^ 1 *B«*A R 1 t x Z<D& 1 OTfcttA 
R 1 «2TCifcoTSSttP K<DTmo>mK>(DWm.lfmmP K05<fi>]®£^ifcSf!2^l 
®fRt£A R 2 httx SlMC#lfc3i5l®&3a^t**lT^£>o M^lClix 311 *_ . 
®tS«A R 1 ©jftf* (7>c) 5 OlZl^-TS^Wtt^x i2*If^AR2ffiM 
(tK) 5 0lzM-f2>imu*±J:K>-m< fc*J:-3l;:x S1 1 x ^2*®fIi^AR 1 s A 
R KD^n^tilZtt Ur*®«ta3W6t*tlTl^o Cldlrlix ^^6 0^ 

t*i M««ar 1 iz«Lrtt«J^«:##-i-*«i«<b«yi (fifckfcftkJi) x 

»2ilffi«*AR2t»LTl*»*tt*f*^t-*iKft<b«Wl (JSTMtiM) 

jURzk-fbMsSi: LTx m^tTii^-^tezm^n^^tt^nmn^mm* 

mrfL-tZZt-C^ d©S(!1 3i®fii$AR 1 I^LT3l5bK14«:##-i-4o fe*tM*s 
SS1 St®pIfc£AR 1 CD%^m=?-Q O0DTM6 OAMiffiP Klz:WUTx 
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mm*'* t. utii ( o 2 ) %m x^tm-tz o 2 x^$&m*M-t 
7hi±^f^-#-r^3h^'e^?>o c:©ctaiL aw* 5 o t uT7X^fflt^%^i3ii 

£11 a®fIi^AR 1 (^OHSfeirfiittflD^ttv^flKSftft-sfefe^&fliSI^E 
S®&i4ft5;tA^5o fc-£^s I13El«ttAR 1 (Drt^xmtlklf 

— $mP Ka®£^fcfg2SEMSIMA R 2[3MLTl«7X<bMSA^^ti 
§ c ^2iIftA R 2lZtt«»3MbiMfc LIT. 0Jx.«"7'y**#fc«Stta> 
ihd u^*&©«3KT»IBt&J£fiS-r 3 3 fcTx d<Dff§ 2 «SH4t A R 2 Id** L 
TS*1t*tt4t5o &%iWix timUXt UTES:7*<blft*' (CF«) *fflt* 
T^XTMItSC F 4 r^X"7AB3a3feJtr^i:l^j:-3T»7Ktt«:f*#-r*3 
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2 G>m£ s o \ztt+ s &r)bm<-fzz£iz£-DT, m&sowmimm 

mz. ±&Lfemft^mEx*m^-c^*5M(DJW->%m£P\zm%-tz> 
ffi<Ditmizz>^TmBtt%o 

- y p s t i3 o - h-ztifz e> . mmmmc ont ttftttgg&m 1 *mm u £ 
^r^s^iR] (-x^iri) \zmw.p^m^^x^.mm^nom^\z[^ #ts 

ttl§/XJl/4A~4C, EHX^. &tfl°]i]X/ XJU 5 A. 5 BSfflUT, 
^«^^S 1 ^t/^lHl^^S 2 I3efc "9 5 0 ©ttlS&tf iHliRtf fffoftS o 
•*-fcfc*x ««P*<-X^lRll»tt-i-*l»ttix #te*3;Rtf#ie/x;i>4 (4 
A~4C) 1 fr6»f*5 0 m&K&Jb. P L P hCD 

HtttJSdtiSiittts @i|X^X;U5 (5 A. 5B) . M0i]Xf6^lT 
$*fc5 0*^^011X^*2 13 EJiRdtu U>X6 0 P iKDMfcifffc-fJ: -5 

I3-X#fal3>fcf*:5 OttmtlZo -^s ^EPX bT^-r^S^lRl ( + X^[rJ) 13 
S^P tfT^ftft^T^^tes 0, f«^yX;U8A~8 

C, EMMM 1 s ^1/011X^X^9 A N 9 BfcfflUT. 1 atf*# 

®i|X^ffi2l3j;0^5 OCD^t^l/lEJiJX^f^^^o S*£Ptf+X 

^ii»ttt-s*izi*N immi ojBLTm#szn>& (sa-so &4m,t» 

13. le]i|X^X;U9 (9 As 9B)\ JfctflsWJrtS 1 1 &^LT»#5 0#)ft#lsliR 
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o*«3ttLSo cicdj;-5ics $»j^ecoNTi*. 1 Rifrnw^m 

g2 4ffi^TS4SP(D^lft^[RllC>ftoT^5 O^SS-To CKDH^. ^J^tt*^ 
if&iil ^e^^X;U4$:^LT^^^i.>S#:5 0li*t5PcD-X^fp]^ 

El5 (a) li^^-^-^P S T^±UTUi.^J$:^t-ElTfe§o ^5 
0li#t$&y X)14& X>»U5«t >315]i|X^tii»o 3(Dh#. 5ft*- 

5 o t&fop t\*m%tf!£t>m^frib, &t&fte\t*£i\o ms (b) itmfcpw 

5 0tt^B)-rsai*RPI35l ; 35fi63h.S«fc-5l3L'C^-*-So >$f*5 Oh^tSPi: 

liSRftttA'fi^fetox oi±ia«iPflDM^e>sttL^>-ruo E5 (c) i« 

tEXf-yPS T±a>at4SP'©^»iai** < !Elw±#Lfett!B*^-rfilTfe*o & 

ftytEL<Dytft±izmi££tiz£. > mojw - >w&fap izmmiz&wz 
ei 6 it, m4*m uTt&sji u «k -5 icis^^m p o>%w& 7 ^vasts p a® 
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(b) tefflKPtffflS^x-yP S Tt«kOX«l*|Rlt»l6*»§«rLfc«»«:^ 
tStifeSo *<*:5 0i:a«RPi:flD«WPtttt*t»a)Tx g&P '/^•lrt*flc 
5 0l*S«Pl3^Jl3?|o5«6tl&Uo *fc. ^3fe^PLO*13lnBSI«A- 
R 1 <D»#:5 Ot»-i-*<Rjfpttt»t\flDTs «1^IfS«AR1 ^5 0di 

m.rs^fc3fe<s ^BB5 6t5fe3^UTBB«*tiru* 0 126(c) 

vP S T±©»*RP©^ttajft*<Jgli±#LfcttJB«:^-riaT?feSo »£PG>*£ 

BataffUTtx »#*fe**P LS^'atgPlCMLTM^^Si^tiru 

p mm® ±r-& fr*>—uis\+izM-f.J: a urt «fc u 0 
*o p KcDT®-gp^^i ^sfi^AR 1 hLs mmm® AR 1 IdML 
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^Ttct^o Ml-lis ±IB^#li^^^P LOT® 7 AizWife-fZ Ztlzm. 

%o j^m-rtiiSv mmmm^^m±cDmm.(Dmmz^T(Dm'^cDm^t^H 
mm) LttiUo 

&f*7fc^m P L OD^iSSP 7 &J:UmfcP<Z>mmzMi-J: 5 \Z LTUStf. ®M% 

1 ^ e> #t^-T 5 J; -5 Id L T J; u o 
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